INTRODUCTION
The canine prostate has been extensively studied because of its similarities with the human prostate gland regarding natural occurrence of diseases and hormonal influence in their development, as in prostatic carcinoma (PC) (LEROY & NORTHRUP, 2009) . The proliferative inflammatory atrophy (PIA) is a dysplastic change that was first described in the study of the human prostate, and was considered a potentially premalignant lesion (PUTZI & DE MARZO, 2000; WANG et al., 2009) . In dog prostate, TOLEDO et al. (2010) have described the histological aspects of PIA.
The ErbB family is a group of tyrosine kinase receptors comprised by Her1 (epidermal growth factor receptor -EGFR), Her2 (c-erbB-2), Her3 (c-erbB-3), and Her4 (c-erbB-4). They are coded by ErbB1 (erythroblastic leukemia viral oncogene homolog), ErbB2, ErbB3, and ErbB4, respectively, and are widely expressed in epithelial tissues where they play crucial roles in regulation of cell differentiation, proliferation, and survival (CIARDELLO & TORTORA, 2008) .
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EGFR has an extracellular ligandbinding domain, a transmembrane domain, and an intracellular domain with tyrosine kinase activity for signal transduction. Domains are activated through binding with the epidermal growth factor (EGF) or transforming growth factor alpha (TGF-α), which results in dimerization with Her1, or heterodimerization with another ErbB member. This leads to a receptor-linked tyrosine kinase activation and results in a signaling cascade that produces effects such as cell migration, maturation, differentiation, metastasis, angiogenesis, and inhibition of apoptosis (CARLSSON et al., 2013) . EGFR is expressed or overexpressed in solid tumors, including PC. Furthermore, it has also been associated with advanced tumor stages, poor prognosis, and resistance to therapies (CIARDELLO & TORTORA, 2008) .
Homodimers are less mitogenic than heterodimers. Since Her2 receptors are preferably heterodimers, they have more tyrosine kinase activity and tend to be more potent, generating more intense intracellular signals, which gives increased mitogenic potential. Therefore, levels of other ErbB family receptors, especially HER2, can significantly affect the EGFR signaling in cancer (YARDEN & SLIWKOWSKI, 2001 ). Her2 overexpression has been reported in human PC (CARLES et al., 2004; BARTLETT et al., 2005) . By contrast, it has also been reported as there being almost no expression of Her2 (LIU et al., 2001) .
In domestic animals, EGFR immunostaining has been reported in canine breast tumors (GAMA et al., 2009) , primary brain tumors (LIU et al., 2001) , nasal carcinomas (SHIOMITSU et al., 2009 ), lung carcinomas (SABATTINI et al., 2014 , and gastric tumors (TERRAGNI et al., 2014) . Likewise, cases of Her2 overexpression were reported in 19-35% of canine mammary tumors (HSU et al., 2009; RESSEL et al., 2013) , and in 57.9% of canine gastric neoplasms (TERRAGNI et al., 2014) . However, there are no reports regarding the expression of both EGFR and Her2 receptors in the canine prostate. Thus, in order to understand molecular mechanisms involving those receptors in canine premalignant and malignant prostatic tissue, the RNA detection of ErbB1 and ErbB2, and the immunostaining of EGFR and Her2 were evaluated in the prostate of dogs with PIA and PC.
MATERIALS AND METHODS
Histomorphological evaluation of 70 canine prostate samples in HE staining was carried out to identify normal prostatic tissue, and those with PIA (TOLEDO et al., 2010) , and PC (LAI et al., 2008) . Prostatic samples were obtained from no neutered, mixed-breed, adult dogs, and all normal prostatic tissues were harvested from dogs with nonmalignant lesions in the gland at microscopy screening.
The samples selected on histomorphological evaluation were submitted to tissue microarray (TMA) technique according to RUBIN et al. (2002) . Immunohistochemistry was performed in the TMA slides. Endogenous peroxidase and nonspecific proteins were blocked with 3% hydrogen peroxide, protein block (Leica, Newcastle, #RE7102) for EGFR, and milk powder 10% (Molico ® , Brazil -10g / 100mL distilled in water) for Her2 (c-erbB-2). Antigen retrieval was performed with citrate buffer pH 6.0, in a pressure cooker for EGFR and in a water bath for Her2 (c-erbB-2). Slides were incubated overnight at 4°C with monoclonal mouse anti-EGFR antibody (Leica, Newcastle, #NCL-L-EGFR-384), clone EGFR-25, diluted at 1:50, and polyclonal rabbit anti-c-erbB-2 oncoprotein (Dako, #A0485), diluted at 1:200. A polymer kit (New Link Max Polymer, #RE7260-K), DAB chromogen and HRP substrate for signal detection were used. The sections were counterstained with Mayer's hematoxylin, washed, dehydrated, cover slipped, and examined by light microscopy.
A sample from normal human placenta (EGFR) and human mammary carcinoma (c-erbB-2) were used as positive control. For negative control, PBS buffer was used in the replacement of primary antibodies. The EGFR and Her 2 (c-erbB-2) immunolabeling were scored according to criteria adapted from BILOUS et al. (2003) . Samples scored as 0 and 1+ were assigned as normal expression, and those scored as 2+ and 3+ were considered overexpressed for EGFR and Her2.
The RecoverAll ™ Total Nucleic Acid Isolation Kit (Life technologies, #AM1975) was used to extract total nucleic acids (RNA and DNA) from all FFPE tissue samples used in the TMA. Twenty sections with 12μm from each paraffin block were deparaffinized using xylene and ethanol washes, followed by protein digestion with protease K, and incubation in water bath during 16 hours at 50°C, and 15 minutes at 80°C. Sequentially, RNA isolation and purification samples were treated with DNase mix followed by washing and finishing with the solution. The yield and quality were measured by NanoVue ™ Plus Spectrophotometer (GE Healthcare, -28-9301-69 AC). The yield was estimated by UV absorbance at 260nm, and the quality in rates between A260/A280, using samples higher than 1.70. Likewise, the presence of RNA was confirmed by 1% agarose gel electrophoresis on PowerPac TM Basic Power Supply (Bio-Rad, #164-5050), and the images of gels were obtained by Gel Doc TM EZ System (Bio-Rad, #170-8270).
The cDNA synthesis was performed using a High Capacity RNA-to-cDNA Kit (Applied Biosystems ® :#4387406). The polymerase chain reaction (PCR) was performed in duplicate for cDNA amplification of ErbB1 -(GenBank: AY527212.1) -Canis lupus familiaris EGFR, locus 18; ErbB2 (GenBank: AB008451.1) -C. l. f. ErbB2 -locus 9; and beta-actin as positive control (housekeeping gene -GenBank: AF021873.2) -C. l. f. actin, gamma 1 (ACTG1) locus 9. PCR amplified gene fragments with 149pb, 157pb, and 151pb.
In (Table 1 ). The immunostaining was present in the membrane going through cytoplasm (Figure 1 ). Regarding EGFR immunostaining intensity, there was no difference between the normal prostates and those with PIA (p=0.814) and PC (P=1.00) and PIA and PC (P=0.859). By contrast, there was difference in the intensity of Her2 immunostaining between normal tissues and those with PIA (P<0.001) and PC (P<0.001), as well as difference between samples with PIA and PC (P=0.018) ( Table 1) . When comparing EGFR and Her2 immunostaining's intensity, there was no correlation (r=0.055 and P=0.578).
From 70 samples, 16 cDNA samples of canine prostatic tissue with rates between A260/ A280 higher than 1.70 were obtained through RT-PCR. There were four (25%) normal tissues, three (18.75%) with PIA, and nine (56.25%) with PC. Table 1 -Means of comparison and labeling intensity scores of anti-EGFR and anti-Her2 antibodies in normal prostatic tissue and with canine proliferative inflammatory atrophy (PIA), and canine prostatic carcinoma (PC). The gene ErbB1 mRNA was detected in two normal tissues, one with PIA and in all PC samples. ErbB2 mRNA was detected in two samples of PIA (PIA2, PIA3), and in all PC, but it was not detected in normal prostatic tissue samples (Figure 2) . A parallel of EGFR and Her2 immunolabeling by IHC and the detection of ErbB1 and ErbB2 through RT-PCR is shown in table 2.
---------------------------------------------------------------------------------EGFR----------------------------------------------------------------------------
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DISCUSSION
EGFR immunostaining was observed in 80% of canine normal prostatic tissue. It was also detected ErbB1 mRNA in 50% of these tissues. The authors GAMA et al. (2009), PERALDO-NEIA et al. (2011), and CARLSSON et al. (2013) , reported EGFR expression in normal tissues such as liver, digestive tract, human prostate, and canine mammary tissue. However, TERRAGNI et al. (2014) reported no expression of EGFR in canine normal gastric epithelium, similar to what was observed here in 20% of canine normal prostatic tissue.
In this study, 36.6% of the prostates with PIA and 32% with canine PC presented EGFR immunostaining. These results are similar to those obtained by CARLSSON et al. (2013) in their study with human PC and lymph node metastasis. They observed EGFR immunostaining in roughly 41% of primary tumors, and in one case of metastasis.
By contrast, SCHLOMM et al. (2006) observed EGFR immunolabeling in 17.5% of human prostates with PC. Thus, CARLSSON et al. (2013) suggested that EGFR could have an important role in initial lesions of PC and it would be negligible in advanced-stage tumors.
Owing to the fact that in this study there was no difference in EGFR immunostaining between prostates with PIA and PC, it is possible that EGFR plays a role in premalignant and early lesions of canine prostate. Following that idea, DIPALMA et al. (2005) and MATSUBAYASHI & YOSHIHARA (2007) reported ErbB1 amplification and EGFR overexpression in early events of carcinogenesis in tumors of human salivary glands. Under these circumstances, BERTAGNOLLI et al. (2011) studied EGFR in canine mammary tumors and concluded that EGFR expression may contribute to malignant epithelial transformation. Those authors had also been reporting that EGFR is associated with increased tumor proliferative activity, angiogenesis and metastatic potential, working as a predictive factor in these neoplasms.
Her2 immunostaining was observed in two samples of canine normal prostatic tissues. The samples were scored 1+, and considered negative. Faleiro et al. CARLSSON et al. (2013) reported that Her2 immunostaining may occur in normal tissues. Likewise, the IHC results concerning Her2 were in keeping with those obtained with RT-PCR technique, since there was no expression of ErbB2 in normal prostatic tissue. Canine prostates with PC presented 84% of Her2 overlabeling and 100% ErbB2 expression. In human PC, Her2 overexpression is reported in 20-70% of PC samples (HERNES et al., 2004; BARTLETT et al., 2005) and it is associated with a high Gleason score, tumor recurrence, and advanced stages of cancer (SCHLOMM et al., 2006) . However, LIU et al. (2001) reported no expression of Her2 in primary human PC. Conversely, CARLES et al. (2004) reported Her2 expression in up to 90% of PC cases, and CARLSSON et al. (2013) , when studying human PC and lymph node metastasis, observed nearly 33% of Her2 immunostaining in primary tumors and 66.6% in metastasis. Those authors reported a higher frequency of Her2 overexpression in human PC cases with metastasis when compared to cases where PC was confined to the prostate, and they have suggested upregulation of Her2 in metastasis. On the basis of this, our results would indicate canine PC as having a great potential for aggressiveness as mentioned by LEROY &NORTHRUP (2009). However, even without evaluation for canine PC metastasis, it is likely that Her2 may have a single role in canine prostate tissue regarding PC evolution and metastasis, since canine PC is less frequent and has a later onset when compared with PC in humans. Perchance, mechanisms of Her2 interaction with inhibitory proteins involved in cell cycle, such as p21 and p27, are more efficient in canine than in human glands.
In this study, Her2 overlabeling and ErbB2 expression were reported in 60% and 66% of canine prostates with PIA, respectively, confirming the proliferative pattern of this prostatic disease and supporting its premalignant potential (De MARZO et al., 2006; LEROY &NORTHRUP 2009 ). TERRAGNI et al. (2014 observed that Her2 was more expressed in dysplastic areas of canine benign gastric tumors, suggesting its potential relevance in premalignant lesions. It is a relevant remark that Her2 immunostaining was significantly weaker in canine prostates with PIA than in those with PC. Likewise, ErbB2 mRNA was less detected in prostates with PIA than with PC. Even considering the small number of samples amplified by PCR in this study, taken together, the results are suggestive that Her2 plays an important role in canine prostatic carcinogenesis and tumoral development.
CONCLUSION
EGFR and Her2 are expressed in canine PIA and early lesions of canine PC, particularly Her2, which is overexpressed, suggesting the involvement of these receptors in canine prostatic carcinogenesis and tumoral development. Considering these findings, the next step would be exploring the association of EGFR and Her2 in tumoral disease action, evolution, metastasis, and prognosis.
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